
  

Short Abstract — Cell populations can employ responsive or 
preventive strategies to survive in stress (such as drug 
treatment). Here we find that the same set of yeast genes with 
“flexible” (noisy and responsive) expression are used in both 
preventive and responsive survival strategies. We identify 
additional properties of these genes, and conclude on the 
possible causes and consequences of gene expression flexibility. 
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I. INTRODUCTION 

ELL populations can employ responsive or preventive 
survival strategies to cope with environmental stress 

(such as drug treatment) [1,2]. For example, noise and 
random phenotype switching represent preventive, “bet 
hedging” survival strategies that keep subpopulations “on 
guard” before the stress arrives [2,3], while in responsive 
strategies defense is triggered by and follows the stress.  

If cell defense is based on gene expression change, it is 
interesting to ask how the genes of model organisms are 
assigned to various defensive tasks. In this work, we use 
genome-scale data from S. cerevisiae to answer the 
questions: (i) are all yeast genes equally responsive? (ii) are 
all yeast genes equally noisy? (iii) are noisy genes also 
responsive? (iv) what other properties distinguish highly 
responsive or noisy genes from other genes? 

II. METHODS AND RESULTS 

If proteins were synthesized and degraded at a uniform 
rate, the intrinsic noise in protein expression should have an 
inverse dependence on protein abundance [4]. However, the 
rate of protein synthesis in yeast is not uniform in time [3], 
which leads to dramatic deviations from the noise-
abundance relationship expected in Poisson processes. In 
this study, we took the “extra” gene expression noise (in 
excess of the Poisson expectation) [5] and compared it to the 
responsiveness of the same genes in ~1000 microarray 
experiments [6]. Importantly, while noise measures the 
variation of gene expression among single cells in a constant 
environment, the responsiveness measures the amplitude of 
gene expression change in millions of cells across ~1,000 
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different conditions. 
We found a highly significant correlation between the 

noise and responsiveness of yeast genes, indicating that the 
same set of genes with “flexible” expression are employed in 
both preventive and responsive survival strategies. The 
correlation between gene responsiveness (a macroscopic 
property of cell populations) and expression noise (a 
microscopic property of single cells) is reminiscent of the 
fluctuation-dissipation theorem in Physics. 

We used data from several recent genome-scale studies to 
identify other gene properties that can be the cause or 
consequence of gene expression flexibility. We found that 
genes with flexible expression also tend to (i) have a TATA 
box in their core promoter [7], (ii) be highly regulated, (iii) 
have high mutational variance [8], (iv) be dispensable (non-
essential), (v) have few protein interaction partners, (vi) be 
induced by stress, and (vii) be frequently duplicated/deleted 
during evolution [9]. 

Considering the time scales involved, it is likely that of 
the properties listed above, (i-ii) are the causes, while (iii-
vii) are evolutionary consequences of gene expression 
flexibility. 

III. CONCLUSION 

In summary, we found an unexpected correlation between 
gene expression noise and gene responsiveness to diverse 
conditions. This implies that the same set of genes is used in 
defensive or responsive survival strategies. The molecular 
basis of this correlation is unclear, but other properties 
associated with these genes might provide a clue. 

These findings suggest an evolutionary scenario in which 
a subset of genes first explores the gene expression space to 
improve population survival, followed by the stabilization of 
beneficial expression changes via deletions or duplications. 
As a consequence, genes with flexible expression are also 
expected to be highly evolvable. 
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